Background/Objectives Early swallow screening, within 4 h of admission, is required for all acute stroke patients to commence nutritional support, as recommended. We evaluated the impact of delay in early swallow screening on outcomes in patients admitted with acute stroke. Subjects/Methods Prospective cohort study of 1656 men (mean ± SD age = 73.1y ± 13.2) and 1653 women (79.3y ± 13.0) admitted with stroke to hyperacute stroke units (HASUs) in Surrey. Logistic regression was used to assess the risk (adjusted for age, stroke severity and co-morbidities) of delay in swallow screening on pneumonia, length of stay (LOS) > 3 weeks in HASU or hospital, moderately severe to severe disability on discharge (modified Rankin scale score = 4-5) and mortality during admission. Results Compared with those who received swallow screening within 4 h of admission, a delay between 4 and 72 h was associated with greater risks of pneumonia: OR = 1.4 (95%CI:1.1-1.9, P = 0.022), moderately severe to severe disability on discharge: OR = 1.4 (1.1-1.7, P = 0.007) and a delay beyond 72 h was associated with even greater risks of pneumonia: OR = 2.3 (1.4-3.6, P < 0.001), prolonged LOS in HASU: OR = 1.7 (1.0-3.0, P = 0.047, median LOS = 6.2 vs. 14.7 days) and hospital: OR = 2.1-fold (1.3-3.4, P = 0.007, median LOS = 6.8 vs. 14.9 days), moderately severe to severe disability on discharge: OR = 2.5 (1.7-3.7, P < 0.001) and mortality: OR = 3.8 (2.5-5.6, P < 0.001). These risks persisted after excluding 103 patients who died within 72 h. Conclusions Delay in early screening for swallow capacity in acute stroke patients is detrimental to outcomes, possibly due to delaying nutritional provision or through inappropriate feeding leading to aspiration. Routine early screening needs greater attention in HASUs.
Impact of delay in early swallow screening on pneumonia, length of stay in hospital, disability and mortality in acute stroke patients 
Introduction
Oropharyngeal dysphagia, a common feature of severe stroke and an indicator of poor prognosis, is identified in about half of patients with acute stroke by swallow screening [1] [2] [3] [4] and up to three quarters by videofluoroscopy [4] . Dysphagia not only prevents patients from oral intake but is also a high-risk factor for a number of complications, particularly aspiration pneumonia [4, 5] which occurs in 22-49% among these patients [6] and death [5] . Stroke patients with dysphagia have been shown to be more likely to stay longer in hospital and less likely to be discharged back to their own home than non-dysphagic stroke patients [5, 7] . Early nutrition support is vital for the survival and clinical outcomes in patients with dysphagia, including stroke patients [8] . Evidence from small studies has shown that early swallow screening reduces the incidence of aspiration pneumonia [6] , length of stay (LOS) in hospital, disability and mortality [2, 7] . The decision to commence nutrition support depends on the outcome from the assessment of the patient's ability to swallow. There are several methods of assessment including videofluoroscopy which is time consuming, more invasive and requires high level of expertise while swallow screening, which is less sensitive than videofluoroscopy [4] , is a rapid bedside test which can be performed by the majority of healthcare providers. Swallow screening is therefore recommended to be carried out routinely within 4 h of admission for all patients with acute stroke [9] . A recent report by the Royal College of Physicians [10] however has shown that about a one in four of acute stroke patients in the UK did not have swallow screening by 4 h and one in eight by 72 h of admission.
The present study evaluated the impact of delay in early swallow screening on pneumonia developed within 7 days of admission, LOS in hyperacute stroke unit (HASU) or in hospital, disability on discharge and mortality during admission in patients admitted with acute stroke.
Subjects/methods

Study design, patients and setting
We carried out this registry-based, prospective cohort study using Sentinel Stroke National Audit Programme (SSNAP) data, which were collected from the time of admission up to 6 months following stroke. The data were validated by Stroke teams and entered into the secure SSNAP database. These data composed of clinical characteristics and care quality of patients admitted with acute stroke to all acute care hospitals in England and Wales [11] . An anonymised extract of a total of 3309 patients admitted between January 2014 and February 2016 to four hospitals in the County of Surrey were used: Ashford and St Peter's (n = 1038), Royal Surrey County (n = 612), Epsom (n = 649) and Frimley Park (n = 1010). There were 22 patients admitted twice and 2 patients admitted thrice and their data from the first admission were used.
SSNAP was approved by the Confidentiality Advisory Group of the Health Research Authority to gather patient data under section 251 of the National Health Service Act 2006.
Data recording
All four study centres participated in SSNAP using identical protocols (available on request). Data were collected for gender, age at arrival and comorbidities including atrial fibrillation, diabetes, congestive cardiac failure and hypertension. Treatment from the point of admission to discharge were documented by the consultants and stroke nurse specialists.
Swallow screening
Swallow screening was carried out by the same validated screening tool in all four study centres as soon as possible after arrival at hospital and before patients had been given any oral fluid, food or medication. The following sequences of screening were conducted by a trained healthcare professional for patients who had to be able to independently remain awake and alert for at least 15 min and sit upright. The procedure started initially with 3 spoons of water, and if there was no risk of aspiration, followed by a challenge with 1 cup of water, and then further continued with a trial of soft diet meal. The procedure was discontinued if there was a risk of aspiration at any stage of screening.
Diagnosis of stroke and pneumonia
Stroke was diagnosed on the basis of clinical presentation and brain computerised tomography [12] and the severity of stroke symptoms was determined by the National Institutes of Health for Stroke and Scale (NIHSS) ranging from no symptoms to severe stroke symptoms (NIHSS score = 0 to 42). Pneumonia was diagnosed by clinical examination that was supported and confirmed by biochemical, microbiological and radiological evidence.
Disability and mortality
The degree of disability or dependence in the daily activities was determined by modified Rankin Scale (mRS) ranging from no symptoms to severe symptoms of disability (mRS score = 0 to 5) and also includes mortality (mRS score = 6).
Categorisation of variables
Swallow screening status was categorised into three groups: (1) screening performed within 4 h, (2) between 4 and 72 h and (3) beyond 72 h of admission. Severity and disability of stroke were categorised into two groups of 'no symptoms to moderate symptoms' (NIHSS score < 16 and mRS score < 4) and 'moderately severe to severe symptoms' (NIHSS score ≥ 16 and mRS score = 4-5). Age was categorised into two groups at median value (79 years). Prolonged stay in HASU or in hospital was categorised into those who stayed > 3 weeks (upper fourth quartile).
Data handling and statistical analysis
Normality of the data were examined initially by histogram and confirmed statistically by Shapiro-Wilk test. Log 10 transformation was applied to variables that displayed right skewness (LOS in HASU and in hospital) before proceeding to analysis of variance (ANOVA) to examine differences between groups of swallow screening status.
Chi-squared test was carried out to determine the proportions of patients with severe disability on discharge or mortality within each category of swallow screening status, logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (95% CI) for the risk of delay in early swallow screening (independent variable) in stroke patients for having pneumonia within 7 days of admission, moderately severe to severe disability on discharge, mortality and prolonged stay in HASU or hospital (> 3 weeks) (dependent variables). Results were presented as unadjusted data or adjusted for age, severity of stroke on arrival and stroke subtype (ischaemic or haemorrhagic).
Since early mortality may influence the decision to perform swallow screening, we further conducted data analysis with the exclusion of 103 patients who died within 72 h of Table 1 ). The median number of days for those who died after admission was 10.7 (IQR = 3.7-24.1). The median LOS in HASU was 6.2 days (IQR = 2.6-20.0 days) for patients who were screened within 4 h of admission and rose to 8.5 days (IQR = 3.0-22.8 days) for those who received screening between 4 and 72 h and 14.7 days (IQR = 3.8-28.4 days) for those who received screening beyond 72 h of admission (ANOVA for group differences: F = 5.3; P = 0.005). Similarly, the median LOS in hospital was 6.8 days (IQR = 2.9-20.4 days) for patients who were screened within 4 h of admission and rose to 9.3 days (IQR = 3.9-20.6 days) for those who received screening between 4 and 72 h and 14.9 days (IQR = 6.5-34.6 days) for those who received screening beyond 72 h of admission (ANOVA for group differences: F = 14.8; P < 0.001) (Fig. 1) .
Compared to patients who received swallow screening within 4 h of admission, the proportions of patients who received swallow screening between 4 and 72 h or beyond 72 h were higher for pneumonia developed within 7 days of admission (10.1% vs. 13.6% vs. 23.8%, P < 0.001), moderately severe to severe disability on discharge (27.6% vs. 34.8% vs. 54.9%, P < 0.001), mortality (13.1% vs. 14.2% vs. 40.8%, P < 0.001) and prolonged stay in HASU (24.2% vs. 27.2% vs. 37.7%, P = 0.029) or hospital over 3 weeks (23.9% vs. 28.1% vs. 41.7%, P < 0.001). Similar patterns were observed when 103 men who died within 72 h of admission were excluded from analyses ( Table 2) .
Compared with those who received swallow screening within 4 h of admission, a delay between 4 and 72 h was associated with greater risks of pneumonia by 1.4-fold (95% CI: 1.1-1.9, P = 0.022), moderately severe to severe disability on discharge 1.4-fold (1.1-1.7, P = 0.007) and a delay beyond 72 h was associated with even greater risks of pneumonia by 2.3-fold (1.4-3.6, P < 0.001), prolonged stay in stroke unit 1.7-fold (1.0-3.0, P = 0.047) and in hospital 2.1-fold (1.3-3.4, P = 0.007), moderately severe to severe disability on discharge 2.5-fold (1.7-3.7, P < 0.001), and mortality 3.8-fold (2.5-5.6, P < 0.001) ( Table 3) . These risks continued to persist and significant when patients who died within 72 h of admission were excluded from analyses (Table 4 ).
Discussion
We show that delay in early swallow screening of patients admitted with acute stroke associated with increased risk of pneumonia, prolonged hospital stay, severe disability on discharge and mortality during admission. The longer the delay (from 4 to 72 h and beyond), the worse were the outcomes. These risks were independent of age of patients, severity of stroke on admission, type of stroke and early mortality as well as a number of chronic co-existing health conditions, thus justifying the need for early swallow screening for every patient admitted to hospital with acute stroke. The strengths of this study include its large number which is representative of UK population, and robustness in adjusting potential factors that may bias the results: age, stroke severity, haemorrhagic stroke, and major comorbidities including hypertension, diabetes, congestive cardiac failure and atrial fibrillation as well as an exclusion of early mortality cases. We recognise that although bedside screening is a valuable first step in identifying dysphagic patients, but due to its relatively low sensitivity [13] , patients may need further instrumental diagnostic assessment such as fiberoptic evaluation of swallowing [14] . The study is restricted to short term follow-up of stroke outcomes during acute hospital admissions, and a potential limitation of this type of study is that it is not possible to ascribe causality with certainty. Swallow screening is more likely to be delayed if the overall clinical condition is very poor, or if the patient has other coexisting health problems on admission, such that feeding is not considered appropriate. Swallow screening might then be delayed until there is major clinical improvement. However, a strength of this study is that the data were adjusted for stroke severity, to remove this potential confounder. It is very possible that some poorer stroke outcomes associated with delay in swallow screening are due to inappropriate feeding and aspiration. Delayed screening may also entail a delay in Table 3 Logistic regression assessing the risk of delay in swallow screening on pneumonia developed within 7 days of admission, prolonged stay in HASU and in hospital, moderately severe to severe disability on discharge and mortality during admission, unadjusted and adjusted for age, stroke severity and type of stroke in all patients Co-morbidities = atrial fibrillation, hypertension, congestive cardiac failure and diabetes providing early nutritional support, leading to a number of complications that weaken the body and delay in recuperation process associated with under-nourishment [15, 16] . Undernutrition has been found in 16% of acute stroke patient on arrival [17] and in about a quarter of stroke patients in the first few weeks after stroke which continues to increase with increasing time spent in hospital [18, 19] . The risk of malnourishment is greater in dysphagic stroke patients than non-dysphagic stroke patients [20] . Based on this evidence, any delay in swallow screening would be detrimental to this group of patients who are highly susceptible to malnutrition. Studies have shown that early nutrition support for patients with acute stroke reduces LOS in hospital [21] . Although it is unclear whether early nutritional support has an impact of the improvement of stroke outcomes due to paucity of randomised controlled trials [22] , it is clear that patients who are malnourished on admission [23] or after admission for acute stroke [18, 19, 24, 25] had worse clinical and functional outcomes and increased risk of mortality. Early swallow screening to allow early nutritional support is supported by a number of randomised controlled trials of non-stroke patients-acutely unwell patients who received early feeding within 24-36 h of admission to the intensive care unit were associated with greater reduction in infection, LOS in hospital and mortality than those who were randomised to start feeding later based on standard care [26] [27] [28] . These benefits of early feeding are almost certainly applicable to acute stroke patients.
Recommendations for early swallow screening after stroke have been advocated by a number of authorities in order to implement suitable early nutrition support [10, 12] . Although swallow screening has improved, this remains variable across UK stroke centres:~15% of patients do not have swallow screening within 72 h of admission [10] .
If earlier swallow screening avoids some cases of aspiration pneumonia, and permits earlier nutrition support leading to improved outcomes, there are major benefits for patients and also for healthcare budgets. Prolonged stay in hospital imposes heavy healthcare costs. Most patients (92.2%) are managed in acute HASUs where each bed day costs £350 (€395, US $460) [29] , the remainder in nonspecialist hospital beds at £222 (€250, US $290) but costs increase with serious complications such as pneumonia [30] .
In conclusion, routine early screening for stroke patients, within 4 h according to guidelines, is not being provided for all and needs greater attention. Although causality cannot be determined from this survey, data were adjusted for stroke severity and there are plausible reasons why delay in early screening for swallow capacity in acute stroke patients might account for the observed poorer clinical outcomes, by delaying nutritional provision or through inappropriate feeding leading to aspiration. CI confidence interval a Co-morbidities = atrial fibrillation, hypertension, congestive cardiac failure and diabetes analysed the data and wrote the first draft of the paper and MEJL and PS edited subsequent versions of the paper. TSH had primary responsibility for final content. All authors reviewed and approved the final version of the paper.
